The longitudinal charge distribution of the electron bunches in the TESLA Test fiecility linac has been determined using coherent transition radiation produced at a thin metal foil. The autocorrelation of the radiation pulse is measured with a Martin Puplett interferometer and then Fourier transformed to yield the coherent radiation spectrum and the hunch form factor. Several techniques, including a Kramers-Kronig analysis, have been applied to determine the longitudinal bunch charge distribution. Measurements with a thermionic electron gun and a radio-frequency photo injector are presented. The influence of frequencydependent acceptance corrections is discussed.
INTRODUCTION
Future electron drive linacs for Free Electron Lasers in the VUV and X ray regime require the production and acceleration of bunches whose length is in the sub-picosecond regime [I] . Coherent Transition Radiation (CTR) emitted by the electron bunches upon crossing a thin aluminum foil can be used to determine the longitudinal charge distribution. The radiator is oriented at an angle of 45' with respect to the beam direction so that the radiation can be extracted at 90° through a quartz window. The spectral intensity emitted by a bunch of N particles consists of an incoherent and a coherent term Here Ii ( U ) is the intensity radiated by a single electron at the frequency w and f (w) is the hunch form factor [2,3,4], defined as the Fourier transform of the normalized charge distribution p. For a relativistic bunch whose transverse dimensions are small compared to the length the form factor becomes 
DATA ANALYSIS
The power spectrum of the coherent transition radiation is obtained by Fourier transformation of the autocorrelation function. The resulting power spectrum is shown in Figure  4 . The power spectrum reveals one of the main limitations in the application of frequency-domain techniques for determining the bunch length: the low frequency part of the spectrum is strongly suppressed. Several effects contribute: diffraction losses due to the limited apertures in the interferometer, the finite size of the radiator foil which leads to a widening of the angular distribution of transition radiation at low frequency, and also the reduced acceptance and sensitivity of the detectors at long wavelengths. These systematic effects are still under study. In the following analysis they will be treated in an empirical way only, and the resulting bunch lengths have to be taken with some care.
Time Domain Fitting
The low frequency part of the power spectrum is suppressed by cutoff effects. Following Murokh et al.
[ 5 ] we describe this in terms of a filter function
where 6 is an adjustable parameter. Assuming a Gaussian longitudinal charge distribution of variance U , the measured power spectrum is expected to be Transforming to the time domain we obtain the expected autocorrelation curve
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The result of the fit of Equation (5) to the interferogram is presented as the continuous curve in Figure 3 . The obtained rms bunch length is U = 2 ps. The error of the analysis is dominated by the systematic low-frequency effects and is estimated to be in the order of 20% -30%. The Kramers Kronig technique will be applied to the interferogram in Figure 5 . The low frequency attenuation of the frequency spectrum has been corrected for by smoothly extrapolating the form factor with a fourth order polynomial. The reconstructed bunch form, depicted in Figure  6 , is trapezoidal with a FWHM of about 4 ps. It should be noted, however, that the result of the reconstruction depends strongly on the exact parametrization and the starting point and slope of the extrapolation. It is possible to obtain differences of up to 1 ps in FWHM and variations of the shape by varying the initial conditions and the parametrization of the extrapolation. 
Kramers Kronig Analysis

CONCLUSION
A high precision Martin Puplett interferometer has become a standard device for bunch length measurements at the TESLA Test Facility linac. One useful side effect is that the signal amplitude of the pyroelectric detectors increases strongly with decreasing bunch length and can therefore be used as a fast monitor for optimizing the bunch coinpression in the linac. Bunch lengths and bunch shapes have been determined for various machine configurations. The main problem for precise measurements of picosecond bunches is the not-well known low frequency attenuation of the coherent radiation. Detailed investigations are i n progress.
